**************** 






w^^ 





Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live' 



Jawaharlal Nehru 
"Step Out From the Old to the New" 



IS 4997 (1968) : Criteria for design of hydraulic jump type 
stilling basins with horizontal and sloping apron [WRD 9: 
Dams and Spillways] 



g^ vi jii^^.j>^^^f i/ui^vA^^g^ Ts:>&^rn¥3egg 



i^Ssl * I nS¥!S>5«!5S'>3«^^ 



■:^:^^<VVV:^ 



Satyanarayan Gangaram Pitroda 
'Invent a New India Using Knowledge" 



^^,^ 






tiojf^'-fjj))^ 



^*<4 



■jum 



^% 



^*«i 



.^o^ 






Bhartrhari — Nitisatakam 
"Knowledge is such a treasure which cannot be stolen" 



'^ir^ 



**************** 



BLANK PAGE 




^<ii££ 




p,»> 



PROTECTED BY COPYRIGHT 



I8:4N7-1MI 

(RtafflrawdlSOS) 

Indian Standard 

CRITERIA FOR DESIGN OF HYDRAULIC 
JUMP TYPE STILLING BASINS WITH 
HORIZONTAL AND SLOPING APRON 



Sixth Reprint JANUARY 1998 
( looorporatinf Ameodment No. 1 ) 



UDC 627-831 : 62404 



C Copyright 1976 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARO 

NEW DELHI 110002 

Gr 5 June 1969 



IS:4997-19«» 

Indian Standard 

CRITERIA FOR DESIGN OF HYDRAULIC 
JUMP TYPE STILLING BASINS WITH 
HORIZONTAL AND SLOPING APRON 

Overflnw Sections and Other Spillway Structures Sectional 
Committee, BDC 54 
Cftairmon Reprtimimg 

Db K. C. Trokas Central Water & Pow»r Commiuion, New Delhi 

MeaAers 

DiRFCTOK ' Central U'ateh & Central Water ft Power Commiuion, New Delhi 
Power Resfakch Stathin , 

DiRECTdH ^ D«MS III ] -, AlttTiate > 
DTRECrnu ( H & S ' Central Water Sl Power Commission, New Delhi 

ShRi N. K. DwLV£Ltt Ontrat DesigM Dirertorate. Irrigation Department, 

LFtiar PradnA 
Dr Gajinder Sinoh Land Keclamalion, Irrigation ft Power Research 

Institute, Punjab; ami Public worlu Department, 

Government of Punjab 
Shri S. N. Gupta Central Board of Iirigaiion & Power, New Delhi 

Dr K. T. Sl'novraraja Iyenqar Indian Institute of Science, Bangalore 
SiiBi I. M. M^uuTTH Public Works Department, Governnmit of My5or<i 

Shri M. V. A. Setty f Alternate ) 
Shai V. B. Manerikar Public Works Department, Government of Mahurashi;.* 

Shri H. B. Ki'LKariti C Alternate ) 
Shri Y. K. Mehta Concrete Asiociation of India, Bombay 

Shbi J. P. MiTAi. Institution of Elngineen { India !, Calcutta 

Shbi J. Xauaraj National Projecii Cunstruction Corporation Ltd, 

New Delhi 
Shri D. M. Sawr Hindustan Construction Co Ltd, Bombay 

Dr Hari Rah Sharua Irrigation Department, Roorkec, Government of 

Uttar Pradesh 
Sjiri a. M. Sino%l Beaa Designs Organizat'on, New Delhi 

Shri R. Naoarajan, Director General, ISI ( Exroffdo Mtnber ) 

Director ^ Civ Engg ; 

Secretary 

Srri Vimod Kumar 

Assistant Director ' Civ Engg j, ISI 

Panel for Criteria for Design of Hydraulic Jump Type Stilling Basins 
with Horizontal and Sloping Apron, BDC 34: PI 

Alewbtr 

Dr EIari Rah Sii\HM% Iniijaiion Department, Roorkee. Govemnient of 

Uttar Pradesh 

BUREAU OF INDIAN STANDARDS 

MANAK. BHAVAN. <> BAHADUR SHAli /AlAR MARG 

NKW DELHI LliXf02 



IS:4997.]96B 

Indian Standard 

CRITERIA FOR DESIGN OF HYDRAULIC 
JUMP TYPE STILLING BASINS WITH 
HORIZONTAL AND SLOPING APRON 

0. FOREWORD 

0.1 This Indian Standard was adopts] by the Indian Standards Institution 
on 15 December 19GR, after the draft finalized by the Overflow Sections 
and Other Spillway Structures Sectional Committee had been approved by 
the Civil Engineering Division Council. 

0.2 The design of downstream protection works or enei^y dissipators below 
hydraulic structures occupies a vital place in the design and construction 
of dams weirs and barrages. The problem of designing energy dissipators 
is one essentially of reducing the high velocity flow to a velocity low 
enough to minimize erosion of natural river bed. This reduction in 
velocity may be accomplished by any or a combination of the following, 
depending upon the head, discharge intensity, tail-water conditions and 
the type of the bed rock or the bed material: 

a) Hydraulic jump type stilling basins: 

1) Horizontal apron type 

2) Sloping apron type 

b) Jet diffusion and free jet stilling basins: 

1} Jet difl'usion basins 

2) Free jet stilling basins 

3) Hump stilling basins 

4) Impact stilling basins 

c) Durket type dissipators. 

1) Solid and slotted roller buckets 

2 • Trajei'toiy buckets ( ski-jump, flip, etc } 

d) Intersecting jets and other special type of stilling basins 

0.3 The di'vign criteria rerommendrd in this standard is meant for stilling 
basins nC rectangular cross-section with horizontal and sloping apn>u. 
1 he criteria given in this standard \v<iuld huld provided that the jer 
rnirriM)> the busin is leasona^ilv- uniform in regard to both velocity and 
dcptli. Though thi' criteria 'an' applicable for all cases, yet fiw falls greater 
th.in 15m, dischargr- intensities greater than 30 m's-m and possible 
.isymnieirv nfHfiu. ihi- sperifir design shiMild he tested on model. 
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0.4 In the formulation of this standard due weightagc has been given to 
international co-ordination amon^ the standards and practices prevailing 
in different countries in addition to relating it to th^ practices followed in 
the field in this country. This has been ML-t by dei vin^ assistance fiom 
the following publicatioru: 

Annual research reports 1951 to 1961, published by Central Water 
Power Research Station, Poona, 

Annual resfarch rppnris l')."i7 to l%7. published by U.P. Irrifjation 
Research Instituip. Roorkee. 

United States. Departmf.vt of tsTERron. Bxjreal- of Rf-clamation. 
Engineering Monograph No. 25 Hydranllr desi(;n ol stillire; Ktsins 
and Inirket energy di-siiipAtors. Ed. 2. 1%3. 



1. SCOPE 

1,1 This standard lays down the criteria for the design of hydraulic jump 
tvpe stilling basins of rectangular rross *ectKin with horizontal and sloping 
apron utilizing various enfrgv disRijxitnr*. for "xample, chute blocks, basin 
or floor blocks and end sill. 

2. NOTATIONS 

2.1 For the purpose of this standard, the following noutions shall hav<* 
the meaning indicated against each: 

/Ji — depth of (low at the >>eginning of the luinp, measured perpendi- 
cular to the floor 

D^ — depth conjugate (sequent^ to />i for horizontal apron 

D'i --= depth conjugate [ sequent 1 to Di for sloping apron trr partly 
sJnpiiig and partly horiyotital ' 

I),, — depth of basin 

Dr — critical water depth 

F\ = froude luiniber i>f the flow at the t>egmnln^ '>f the jump 

g ~ aci deration due to gravity 

h^ ~- htMght of basin blocks 

n, ~ height of chute blocks 

H[ = liead loss in hvclraiilic ,iinip 

h, blight I if end mII 



ISt«97.1MB 

K =s shapr' factor 

t = iengrli of the inclined portion in Iiasin IV 

Li, = length dF tlie hasin 

A, = length of hydraulic jump 

17 = discharge intensity 

\h ^ spacing of hasin blocks 

it =s sparing of chute blocks 

j;; =r spacing of dents in dentated sill 

Ti = veiority of flow at the beginning of the jump 

Vf =■ velocity f if flow at ihr end of jump 

U'h = width of >)a>in blocks 

ui, s width of rhute hlorks 

uiri = width ol denis in dentated sill 

6 r^ angle of thf sloping apion with the horizontal 

3. TERMINOLOGY 

3.0 For the purpose of this standard, the following definitions shall applv 
: Iff l-ig. 1. 2A and 2B;. 




Vio. 1 DiiiNiTUJN Ski n H Ba^in I w-t II 
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23 DEFiWriON SKETCH SASiN IV 

Fic. 2 Deffnction Sketchfs of Basin III -wn IV 

3.1 Hydimlic Jump — Hydraulic jump in an open channel is an abrupt 
transition from the water depth Di < D, to D^ > Dr. 

3.2 Length of Hydraulic Jump — The distance rrnin the beginning of 
the junjp to a point downstream where either the high velocitv jet begins 
to leave the flfior or Ut a point on the surface immediately downstream 
of the roller, whithe\"er is the Innfifer. This mav be determined from 
Fig. 3. 

3.3 Conjugate Depths — Water depths at ihe bes^inning and rhe ein'i (.'f the 
hydraulic jump related by the formula: 

-ip- = I V r^f'fi* - 1 I '*''" horiznntal ,ipron 

D^ I ["/ BFiSCos'fl \k _ . ^ for fuiK sloping 

Di '' iCoV« ^\\ 2A'rani? j ' J ^'Pf"" 
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Fig. 3 Length op Jump in Terms of Conjugate 
Depth Z), (Basin III) 

where approximate value of K may be determined from F^. 4. However, 
D\ may also be determined from Fig. 5 and 6. 

3.4 Stilling Basia — A strurture in which all or part of the enei^ dissipat- 
ing artior is confined. In a stilling basin the kinetic energy first cauisea 
turbulence and is ultimately lost as heat energy. 

3.5 Hydraulic Jamp Type Stilling Basin — A basin in which dissipation 
of energy is accompiisht>d ba&irally t>\ hydraulic jump which may be stabi- 
lized using rhuie blocks, basin blocks, end sill, etc. 

3.6 Length of Stilling Baain — OiniPiision of the basin in the direction 
ol flow. 

3.7 Widtii of Stilling Basin — Dimension of the basin perpendicular to 
the direction of inain fl«>w. 

3.8 Chute BlockB —Triangular blinks installed at the upstream end of 
the stilling ba<>in. 



3.9 Basin Blocks Baffle Blochs/Baffle Piers 

basin floor boiNM'en chute blocks and end &ill. 



Blocks hi stalled on the 



3.10 End Sill - Solid cir doiiMied vtall ci^nstrucied at the tlownstreani ei.d 
(il the <itilliiig ba<>iii. 
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Note — Above curve is based en auumption thai K is independent of F|. 
Fig. 4 Curve for Determination of Shape Factor 
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Fig. 5 Ratio or Conjugate Depth ZJ'j tu VJj (Basin 111) 
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3<11 Froade Number — A dJ]Tiei.<iinnless mtmber characterizing thft 
inertial and gravitational forces in an open channel flow and is deflned 
as follows: 



F = 



V 



where 



F = Froude number, 

V TTz velocity of flow, and 

D =s depth of flmv. 

3.12 Shape Factor (/T) — A dimension] ess parameter which varies with 
the Fronde number and the slope of the apron. This has been plotted 
against slope in Fig. 4 on th<- assumption that it is independent of Froude 
number. 

4. HYDRAULIC JUMP TYPE STILLING BASIN WITH 
HORIZONTAL APRON 

4.1 GcBeral — When the tail-water rating curve approximately follows 
the hyraulic jump curve or is only slightly above or below it, then hydraulic 
jump type stilling basin with horizontal apron provides the best solution 
for energy dissipation. In this case the requisite depth may be obtained 
on a proper apron near nt at the ground level so that it is quite economical. 
For sp'llways on weak bed rock conditions and weirs and barrages on sand 
or loos' gravel, hydraulic jump i\pe stilling basins are Tccommended. 

4.2 Clasaificatf.on — Hydraulic jump type stilling basin with horizontal 
apron may be classified into the foHowiiig two categories: 

a) Stilling basins in which tlir Froude number of the incoming llnw is 
less than 4*6. This case is generally encountered on weirs and 
barrages. This basin will be hereafter called as fiashi I. 

NuTK — IJata un horizontal stilling basin Tor jome of the existing and pru(x>sr-i 
weirs and bairagrs is givrn in Tabli- i. 

b) Stilling basins in which the Ftoiide number of the iiicomin){ flow 
is greater than 4'5. This lasc is a general feature for dams. This 
basin will be hereaftei called as Basin II. 

NfiiK — Data (in horizmiiui nulling Lasinsfui suinenf thr exittineand prcipuwd 
[|.iTi> ^piilv^.t\s ]S giwn iR T.ibh- 2. 
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4.3_ Design Criteria 

4.3*1 Factora involved in the design of stilling basins include the deter- 
mination of the elevation of the basin floor, the basin lenf^th and basin 
appurtenances, if any. 

4w3.2 Determining Eitvation of the Basin Floor — Knowing f/^ and q; Df,i)i 
and i>2 can be determined either I'mm thp following JbrmuliE or from 
Fig. 7: 

Having obtained D, and Dj, the elevation of the basin floor may be 
calculated by either deducting rhe sppcihc energy at section 1-1 from the 
total energy line at that section or that at section 2-2 from the downstream 
total energy line. 

4.3.3 To calculate H^ from the known upstream and downstream total 
energy lines, the following procedure may be adopted: 

a) Where the basin is directly downstream from the crest or where, 
the chute is not longer than tlie hydraulic head, ff^ may be assu- 
med equal to the diflerence in the upstream and downstream total 
energy lines. 

b) Where the chute length exceeds the hydraulic head, D, should be 
first determined by taking Hi equal to the difference between the 
upstream and downstream total energy lines. Next calculate 
friction losses in the chute by Manning's formula and determine 
the more accurate value of Hi and consequently that of Z>i. . The 
process may be repeated tilt the desired accuracy is achieved, 

i.3.4 Basin I — Requirements for basin length, depth and appurtenances 
for Basin I are given in 4.3.4.1 and 4.3.4.2. 

4.3.4.1 Basin unglh and depth — Length of the basin may be determined 
from the curve given in Fig. 8 A. The basin will be provided with an 
end sill preferably dentated one. In the boulder reach the sloping face of 
the end sill will be kept on the upstream side. Generally^ the basin floor 
should not be raised above the level required from sequent depth considera- 
tion. If the raising of the floor becomes obligatory due to site conditions, 
the same should not exceed 15 percent of £), and the basin in that case 
should be further supplemented by chute blocks and basin blocks. 
The basin blocks should not be used if the velocity of flow at the location 
of basin blocks exceeds lom/s and in that case the floor of the basin should 
be kept at a deixh equal to D^ below the tail-water level. Tlie tail-water 
depth should not generally exceed lU percent of D,. 

13 
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4.3.4.2 Basin a^/)tfr/fnan«J — Requirements for basin appurtenances, 
such as chute blocks, basin blocks, end stil are given below '^hm Fig. 8B): 

a) Chute blocks — The chute blocks should be kept at a height equal to 
2Di on the glasis slope. Their top length should also be equal 
to 2Di. The width of the chute blocks should be kept equal to 
Di and their spacing as 2 £>i. A space equal r.n /),,'2 should be 
left along each wall. 



02 



^ 



a I I 3 I, s 

FROUOE NUMBER (Fi) 

SA RECOMMENDED LENGTH FOR BASIN I 



CHUTE BLOOM 




aAS)N BLOCK 



fRACTfONAL 
SRACE 0-5O? 



O-Zho-^t^ 



■^'^'j'^M^^ : ^^ i z. 




^c-^ 
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SB APPURTENANCES FOR BASlN 1 
Fic. 8 Dimension Sket* h iuk Basin I 
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b) Basin blocks — The height of basin blocks in terms of Z)} may be 
obtained from Fig. 9B. The width and spacing of the basin 
blocks should be equal to their height. The upstream face of all 
the basin blocks shall be vertical and in one plane, A half space 
is recommended adjacent to the walls. The upstream face of the 
basin blocks should be set at a distance of 0'8 i), from the down- 
stream face of the chute blocks. 

c) End sill — The height of the dentated end sill is recommended as 
0'2 D^. The maximum width and spacing of dents shall be 
according to Fig. 8B. A dent is recommended adjacent to each 
side wall. In the case of narrow basin, it is advisable to reduce 
the width and spacing but in the same proportion. It is not 
necessary to stagger the end sill dents with reference to chute 
blocks. 



4.3.5 Basin II — Requirements for basin length depth and appurtenances 
for Basin II are given in 4.3.S.1 and 4.3.5.2. 

4.3.5.1 Basin length and depth — Length of the basin will be determined 
firom the curve given in Fig. 9A. The basin should be provided with 
chute blocks and end sill- The maximum raising of the basin floor shall 
not exceed 15 percent of D, and the basin in that case will be fiuther 
supplemented by basin blocks. However, when the flow velocity at the 
location of basin blocks exceeds 15 m/s, no basin blocks are recommended 
and in that case the floor of the basin should be kept at a depth equal to 
Z)g below the tail-water level. The tall-water depth should not generally 
exceed 10 percent of /J*. 

4.3.5.2 Basin appurtenances — Requirements for basin appurtenances, 
such as chute blacks, basin blocks and end sill are given below (sec 
Fig. 9B): 

a) ChuU blocks — The height, width and spacing of the chute blocks 
should be kept equal to i?,. The width and spacing may be 
varied to eliminate fractional blocks. A space equal to i}]/2 is 
preferable along each wall, 

b] Basin blocks — The height of basin blocks in terms of D-^ can be 
obtained from Fig. 9B. The width and spacing should be kept 
three-fourth of the height. These should be placed at distance of 
O'B D^ downstream from the chute blocks. 

c\ End iiil — Sanif as clausr 4.3.4.2'c-. 
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5. HYDRAULIC JUMP TYPE STILLING BASINS WITH SLOPING 
APRON 

5.1 General — WhtMi the tail- water !■« ton deep as compared to the sequent 
depth Df, the jvt left nt the natural grntuid level would continue to go as a 
strong current near the bed ftirmirg a drowned jump which is hanxiFul to 
the river 1>cd. In such a case, a h\draulic jump type stilling basin with 
slojjjii^ apron «hould be preferred ai it viYiuld allow an efficient jump to be 
(brnied at suitable le\el on the sloping apron, 

5.2 Oassification —The h\draulic jump on a sloping apron may occur in 
four dilTurent iorms depending on the tail-water conditions (Fig. 10;. 
The adion m cases Card D is same if it is assumed that horizontal floor 
begins at the end of the jump in case D. Case B is virtually case A ope- 
ratinf^ with excessive tail-water depth. Case A has been dealt with 
previously in 4. In the subsequent pai'As criteria will he gi\en I'or the 
design of stilling basins for cases D and H hereafter knotvn as> Basin III and 
Basil! l\ lespcctively. 

5.2.1 Basin III is rocommended for the case where tail-water curve is 
higher than the D^ curve at all discharges. 

5.3.2 Basin IV is suitable for the case where the tail-uater depth at 
maximum disrhaige exceeds D^ considerably but is equal to oi slightly 
greater than D^ at lower discharges. 

5.3 Design Criteria 

5.3.1 It is not possible to stand irdize design criteria for sloping aprons 
to the same extent as in the case of horizontal apron. In this case, greater 
individual judgment is required. The slope and overall shape of the 
apron are determined from economic consideration, the length being jud- 
ged by the type and »jundness of the river bed downstream. The follow- 
ing design criteria should serve only as a guide in proportioning the sloping 
apron designs. 

5.3.2 Basin III — In the design of Basin III, the following procedure may 
be adopted: 

a; Assume a certain level at which the front of jump will form for 
the maximum tai'.-watei depth and discharge. 

b) Determine Di from the known upstream total eneig\' Ime by 
applying Bernoulli's theorem and calculate Fi. Then find out 
conjugate depth D} from equation given in 3.3. 

c) Assume a certain slope and determine tiic conjugate depth D\ and 
length f>f the jump for the above Proude number fiom Tig. 5 and 
FIsj. 3 ri'spectiveh . The length of the apiou iih<.>uUi be ktpt equal 
tn 60 percent of the )uni]) Ungth 

IH 
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^lo. 10 DiFFERiiNT Forms op Hydraulic Jump on Slopinc Apron 

d) .Test whether the available taii-water <iepth at the eiid of ihe apron 
matches the conjugate depth D'^, if not, change the slope or the 
level of the upstream end of the apron or biuh. Several trials may 
be required t«fore the slope and the location oi the apron are com- 
patible with the hydraulic requirement. 

e} The apron designed for maximum discharge may then be tested at 
lower discharges, say i, ^ and j. If ihe tail-water depth is sufficient 
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or in excess of the conjugate depth for the intermediate discharges, 
the design is acceptable. If not, a flatter s!.>pp at lower apron 
level should be tried or Basin IV may be adopted. 

f ) The basin shouid be supplemented by a solid or dentated end sill 
of height equal to 0*05 to 0*2 D^ with an upstream slope of 2 : 1 
to 3: I. 

53.3 Basin IV — In thr design of Basin IV, thp following procedure may 
be adopted: 

a) Determine the discharge at which the tail-water depth is most 
deficient. 

b) For the above discharge, determine the level and length of the 
apron on the basis of criteria given in 4. 

c) Assume a certain level at which the front of jump will form for the 
maximum tail-water depth and discharge. 

d) Determine Di froni the known upstream total energy line by 
applying Bernoulli's theorem and calculate F\. Then find out 
conjugate depth D^ from equation given in 3.3. 

e) Determine a suitable slope (by trial and error) so that the available 
tail-water depth matches the required conjugate depth D\ deter- 
mined from Fig. 6. 

f ) Determine the length of the jump for the above slope from Fig. 3, 
If the sum of the lengths of inclined portion and horizontal portion 
is equal to about 60 percent of the jump length, the design i$ 
acceptable. If not, fresh trials may be done by changing the level 
of the upstream end of the jump formation, 

g) The basin should be supplemented by a solid or dentated end sill 
of height 005 to 02 Z>, and upstream slope of 2: 1 to 3: 1. 
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